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Abstract 
The province of Alberta is endowed with the second largest oil reserves in the world behind Saudi 
Arabia in the form of bitumen in oil sands, with established bitumen reserves of 27.0 109 m3 
extracted from initial bitumen in place of 286.6 109 m3.  This huge resource base presents enormous 
challenges to produce and upgrade bitumen in an environmentally responsible manner, related to 
potential greenhouse gas emissions. Extracting this bitumen from oil sands and thereafter upgrading 
it to synthetic crude oil requires extensive processing using either carbon rejection (coking) or 
hydrogen addition (hydrocracking).  The production of hydrogen for hydrocracking necessitates 
emissions of CO2 into the atmosphere which contributes in a significant manner to Alberta’s 
greenhouse gas emissions.  Enhance Energy Inc. and NorthWest Upgrading Inc., two privately 
funded Alberta based companies, are proposing a solution by constructing CO2 capture and a 
backbone CO2 gathering and distribution system from Alberta’s industrial heartland area, which is 
the site of current and proposed bitumen upgraders, to enhanced oil recovery fields in central and 
southern Alberta for ultimate sequestration of such CO2.  This paper presents an overview of the 
project which is scheduled for operation in late 2013. 
 
© 2010 Elsevier Ltd. All rights reserved 
Keywords:  CO2 emissions, CO2 pipeline; CO2 infrastructure; Alberta; 
1. Alberta’s Oil Sands Potential 
The province of Alberta has been endowed with the second largest oil reserves in the world, with established  
bitumen reserves of 27.0 109 m3 from initial bitumen in place of 286.6 109 m3 [1].  The ultimate potential of the 
recoverable bitumen from this vast oil sands resources could be as high as 50.0 106 m3 [2]. Approximately 20% of this 
oil sands bitumen reserve is determined to be extractable by surface mining methods and the balance of this reserve 
must be extracted by primary oil production methods or thermal subsurface techniques such as Steam Assisted Gravity 
Drainage (SAGD) or Cyclic Steam Stimulation (CSS).  The growth of this bitumen production in Alberta is illustrated 
in Figure 1 [3].  As shown, the 2009 crude bitumen production of 236.7 103 m3/d is expected to exceed 500.0 103 m3/d 
by 2019, a more than doubling of production over the next 10 years.  Once extracted, the bitumen must be upgraded to 
higher quality synthetic oil and the further refined to usable end products. 
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Figure 1  Alberta crude bitumen production  
Thus, the extraction of the bitumen from oil sands and the subsequent conversion to useable synthetic crude oil, both 
contribute to Greenhouse Gas (GHG) emissions.  Donnelly and Pendergast [4] report that the surface mining and in situ 
processes used to extract one cubic metre of bitumen releases 0.2 and 0.3 tonnes of CO2 respectively.  Upgrading of the 
bitumen to synthetic crude oil by hydrogen addition (hydrocracking) necessitates a source of hydrogen, the most 
common feedstock being natural gas.  Steam methane reforming (SMR) of natural gas is a common process to produce 
the required hydrogen for hydrocracking bitumen.  SMR consists of two steps;  The first step is the reformation of 
natural gas whereby steam is added to natural gas which consists primarily of methane at high temperatures (800°C) to 
produce hydrogen and carbon monoxide (CO).  The second step is a water gas shift reaction as the CO generated is 
further reacted with additional steam over a nickel based catalyst to produce additional hydrogen and CO2.  The 
challenges of hydrogen production by the SMR process is that more than twice the mass of CO2 is emitted than the 
mass of hydrogen produced.  It is estimated that each cubic metre of synthetic crude oil produced using hydrogen 
generated from an SMR process emits 0.3 tonnes of CO2 [5].  Thus, the extraction of bitumen and subsequent upgrading 
to produce one cubic metre of synthetic crude oil generates in total approximately 0.6 tonnes of CO2.  Over the next ten 
years, bitumen production estimated to grow by over 260.0 103 m3/d.  This volume of incremental bitumen production 
would result in added CO2 emissions of 156.0 10
3 tonnes/d.  A solution is required in order to mitigate such significant 
CO2 emissions into the environment while ensuring continued and responsible growth of the oil sands sector in Alberta. 
2. Current status of CO2 Sources and Supply for EOR in Alberta 
It has been estimated that up to 358.0 106 m3 of incremental oil reserves could be recovered in the Alberta portion of 
the Western Canadian Sedimentary Basin (WCSB) with the implementation of enhanced oil recovery (EOR) based on 
CO2 injection [6].  However, there has been very limited development of such CO2 based EOR schemes in Alberta 
primarily due to either a lack of suitable CO2 sources or the proximity of suitable CO2 supply to CO2 amenable EOR 
fields. At present, there is only one commercial CO2 enhanced recovery project operating near Red Deer at Joffre, 
Alberta.  The supply of 712 tonnes/d [7] is being sourced from an ethylene based petrochemical complex and is being 
used for EOR operations at an oil pool nearby.  
 
 In a global context, Canada’s CO2 emissions represent 1.9% of the world’s total CO2 emissions [8].  An analysis of 
the contribution of each province to Canada’s total emissions shows that Alberta accounts for 42% of this total [9].  
Further analysis of CO2 emissions within Alberta determined that the oil sands extraction and upgrading activities 
contribute approximately 31% to Alberta’s total emissions [10].  Thus, Alberta’s oil sands contribute to approximately 
one quarter of one percent of the world’s CO2 emissions.  A geographical distribution of oil sands upgrading and other 
large point sources of industrial CO2 emissions in Alberta is shown in Figure 2. 
 
5648 F. Remtulla et al. / Energy Procedia 4 (2011) 5647–5652
3  F. Remtulla et al/ Energy Procedia 00 (2010) 000–000 
 
 
 
Figure 2  Large Industrial CO2 Emitters in Alberta 
3. Government Policies 
The United Nations Intergovernmental Panel on Climate Change (IPCC) has stated that greenhouse gas emissions 
caused by human activity contributes to climate change resulting in global warming.  Many governments around the 
world have taken steps to reduce their greenhouse gas emissions.  In Alberta, the Specified Gas Emitters Regulation 
(SGER) was enacted in July 2007 to regulate Large Industrial Emitters (LIE), which are facilities that emit over 
100,000 tonnes of GHG’s in a calendar year [11].  The SGER requires LIE’s to reduce their emissions by 12% effective 
July 1, 2007.  Compliance with this regulation may be achived by physical modifications to the facility or purchase of 
credits from the Alberta Government at a cost of $15 per tonne of CO2.  The enactment of the SGER made Alberta the 
first jurisdiction in North America to regulate its GHG emissions. 
 
Alberta’s 2008 Climate Change Strategy focuses on three key areas for reductions in GHG emissions: Carbon 
Capture and Storage (CCS), increasing energy efficiency and greening of energy production [12]. The Government of 
Alberta has recognized that CCS is the best option for reducing GHG emissions.  The Government of Alberta has also 
acknowledged that there is significant additional capital cost associated with carbon capture.  In July 2008, the 
Government of Alberta announced the creation of a $2 billion fund to advance its climate change action plan and 
encourage construction of large scale CCS projects. 
 
The Alberta policy has been developed to encourage industrial development in ‘eco-industrial clusters’ in order to 
allow mitigation of impacts on the environment and to concentrate industrial development in an orderly fashion.  One 
such area is the Alberta Industrial Heartland (AIH) located approximately 30 km northeast of the city of Edmonton in 
Strathcona and Sturgeon counties.  Here, over the next 10-15 years, it is anticipated that approximately 55.0 103 
tonnes/d of pure CO2 will be produced from fertilizer facilities, heavy oil upgraders and regional gasifiers built to 
process heavy bitumen ends.  It is these sources of CO2 that will supply the volumes necessary to jump start the CCS 
infrastructure projects in the province.   
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4. The Alberta Carbon (ACTL) Project 
Enhance Energy Inc. (Enhance) and NorthWest Upgrading (NorthWest) are developing  a 40.0 103 tonne/d system 
to gather, transport, and distribute CO2 from the AIH to Clive, Alberta.  There, in conjunction with the reservoir 
operators, Enhance is developing a number of CO2 EOR schemes including the Clive Project, the largest commercial 
CO2 EOR scheme in Alberta. The project will be developed in three phases: 
Phase 1: CO2 Capture 
NorthWest is building a  bitumen refinery in the AIH area of Sturgeon County, located northeast of Edmonton, 
Alberta that will process and convert bitumen into condensate, naphtha, ultra low sulphur diesel and low sulphur gas oil. 
The bitumen refinery will be located on land immediately west of Agrium's Redwater fertilizer operation in Sturgeon 
County.   NorthWest will be utilizing a Rectisol process unit to capture CO2 from a gasifier producing hydrogen to 
refine 7,950.0 m3/d of bitumen.   
 
Enhance is building capture facilities at the Agrium fertilizer facility to dehydrate a wet CO2 stream and 
compressing the resulting pure CO2 stream to pipeline operating pressure. Sufficient capacity will be built into the 
pipeline system from a line size perspective to allow Enhance to easily accommodate additional CO2 supplies in the 
AIH shown in Figure 3 as further industrial development, including new and expanded upgrader construction, occurs. 
 
 
Figure 3:  The Alberta Carbon Trunk Line in the Alberta Industrial Heartland 
Phase 2: CO2 Transportation and Distribution 
CO2 will be transported at a pressure of  18.0 MPa down the main trunk line for delivery to EOR projects situated in 
proximity to the system. Overall, 232 km of 400mm pipeline will be constructed with a start up date anticipated in late 
2013.  Delivery pressure is anticipated to be above 7.5 MPa for the EOR projects.  Pipeline volume expansions in the 
future will be accomplished through additional pumping capacity as new CO2 supplies and additional EOR projects are 
developed.  Conceptual ACTL extensions to future CO2 supply sources, EOR projects and sequestration sites are shown 
in Figure 4. 
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Figure 4:  ACTL Expansion 
Phase 3: CO2 Use, Storage and Carbon Footprint   
The CO2 transported on the ACTL will initially be used for EOR purposes and after these uses are exhausted the 
CO2 will be stored in depleted hydrocarbon reservoirs.  Operating the ACTL at its maximum capacity of 40.0 10
3 
tonnes/d, it is estimated that there is up to 135 years of CO2 storage capacity for EOR purposes alone and an additional 
100 years of storage capacity in depleted hydrocarbon reservoirs.  Hence, reducing the need for storage in aquifers and 
allowing for significant time for further research in this area.  
 
The first EOR project at Clive will be developed in conjunction with Fairborne Energy Ltd., the current operator of 
the Clive oil field.  
 
The Alberta Energy Research Institute retained Jacobs Consultancy to provide a life cycle assessment of GHG 
emissions for producing transportation fuels from a representative sample of world crude oils refined in the US [13].  
Some of the crude oils studied were Arab Medium, Saudi Arabia; Mars, US Gulf Coast; Bonny Light, Nigeria; and 
Maya, Mexico.  Subsequently, Enhance commissioned Jacobs Consultancy to analyze the carbon footprint of light oil 
produced from existing Canadian reservoirs such as the Clive oil field using CO2 based EOR schemes and compared its 
GHG emissions.  The study showed that such Clive oil, with CO2 sequestration credits has a footprint that is 70% less 
than that of globally produced oil and is shown graphically in Figure 5 [14]. 
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Figure 5:  Wheel to wells greenhouse gas emissions comparison of Clive crude oil including CO2 sequestration credit with various 
world crude oils. 
5. Summary 
In conjunction with its industry partners, Enhance Energy Inc. and NorthWest Upgrading are developing, 
constructing, and operating the first large scale anthropogenic CO2 capture scheme in the province of Alberta.  When on 
stream in late 2013, the project will have the ability to capture, transport, and sequester over 40.0 103 tonnes/d of CO2 
from current and planned industrial development in the Alberta Industrial Heartland. Development of the Clive EOR 
project will produce an additional 4.0 106 m3 of high quality low carbon footprint light oil and sequester 15.0 106 tonnes 
of CO2 that would otherwise be vented to the atmosphere. 
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